ABSTRACT Background: Little is known about the effectiveness of behavioral strategies to prevent long-term weight gain among adolescents and young adults. Objective: The objective was to assess the relation of dietary and physical activity weight-control strategies, alone and together, with subsequent weight change. Design: This was a prospective study of 4456 female adolescents and young adults aged 14-22 y in the ongoing Growing Up Today Study. Weight-control behaviors, including dietary approaches and physical activity, were self-reported in 2001 and were used to predict weight change from 2001 to . Results: In 2001 -2002 .7% of female adolescents and young adults were trying to maintain their weight and another 54.4% were trying to lose weight. Approximately 25% used each of the following weight-control strategies: not eating snacks, following lowcalorie or low-fat diets, and limiting portion sizes. In addition, 47.7% reported exercising at least occasionally for weight control. During 4 y of follow-up, participants gained an average of 3.3 kg. None of the dietary approaches to weight control predicted less weight change; however, females who exercised 5 d/wk gained significantly less weight than did their peers (20.9 kg; 95% CI: 21.4, 20.4). The most successful strategy for weight-gain prevention among the females was to limit portion sizes (21.9 kg; 95% CI: 22.6, 21.1) combined with frequent exercise. Conclusions: Our results suggest that physical activity is a necessary strategy for long-term weight control among adolescents and young adult females. Combining dietary weight-control approaches with physical activity is the most effective method for reducing weight gain.
INTRODUCTION
Although weight tends to increase with age from young adulthood through middle age (1), the prevalence of trying to lose weight is high among adolescent and adult females (2) . For example, among high school students throughout the United States, Lowry et al (3; 2005) observed that 62% of females and 29% of males were trying to lose weight. In the 2001-2002 National Health and Nutrition Examination Survey (NHANES), 53% of female and 32% of male adults 20-29 y of age and 57% of women and 39% of men 50-59 y of age had tried to lose weight in the past year (4) . Many approaches are used to lose or maintain weight, but little is known about how effective they are in free-living populations. Most studies have found that eating fewer calories or less fat and exercising are the most common weight-loss methods used (4, 5) . However, a minority of people combine reducing calories with regularly engaging in physical activity (2, 4) .
In several studies, dieting to lose weight has been found to predict greater weight gain (6) (7) (8) (9) ; however, none of these studies have examined whether all types of self-reported diets or dietary weight-oss strategies were predictive of weight gain. Some dietary and behavioral approaches, such as increased exercise (10, 11) , have been observed to promote weight loss, but because many weight-control attempts are of short duration (12) , it is unknown which strategies promote prevention of weight gain over the long term.
The aim of the present study was to investigate the association of specific weight-control strategies to subsequent weight change during adolescence and young adulthood among 4480 females in the Growing Up Today Study (GUTS).
SUBJECTS AND METHODS
The GUTS was established in 1996 by recruiting children of women participating in the Nurses' Health Study II (NHS II). The NHS II was established in 1989 and consists of 116,608 female nurses aged 25-43 y at entry. Follow-up questionnaires have been sent to participants biennially since 1989. Using the NHS II data, we identified mothers who had children aged 9-14 y. We wrote a detailed letter to the mothers explaining the purpose of GUTS and seeking parental consent to enroll their children. Children whose mothers gave us consent to invite them to participate were mailed an invitation letter and a questionnaire. Additional details were reported previously (13) . Approximately 68% of the females (n = 9039) and 58% of the males (n = 7843) returned completed questionnaires, thereby assenting to participate in the cohort. The participants have been sent questionnaires every 12-24 mo. The study was approved by the Human Subjects Committee at Brigham and Women's Hospital, and the analyses presented in this manuscript were approved by the Institutional Review Boards at Brigham and Women's Hospital and Children's Hospital Boston.
Sample
The analysis was limited to the 6273 females who completed the 2001 questionnaire, which contained questions on weightcontrol behaviors. Because few males engaged in both regular exercise and dietary strategies to control their weight (n = 37-57 depending on the dietary strategy), the males were excluded from the analysis. Female participants were excluded from the analysis if they did not complete the 2005 questionnaire (n = 811); only completed the abbreviated version of the 2001 questionnaire (n = 962), which did not contain questions on weight-control behaviors; or who skipped the weight-control questions on the longer version of the questionnaire (n = 20), which left 4480 females for analyses. Participants who did not complete the 2005 questionnaire, and therefore were excluded from the analysis, were similar to their peers who completed the questionnaire in terms of the prevalence of overweight or obesity (P = 0.8).
Questionnaires completed by GUTS participants
In the fall of 1996 through 2005, the GUTS participants received a questionnaire every 12-24 mo that assessed a variety of factors. Self-reported weight and height were assessed on all questionnaires. Body mass index [BMI; weight (kg)/height 2 (m)] was calculated by using self-reported weight and height. Children were classified as overweight or obese based on the International Obesity Task Force cutoffs (14) , which are age-and sex-specific and provide comparability in assessing overweight and obesity from adolescence to adulthood.
Weight-control behaviors were assessed with questions adapted from the Youth Risk Behavior Surveillance System questionnaire (15) . Exercising to control weight was assessed with the question, "During the past year, did you exercise to lose weight or keep from gaining weight?" Dieting was assessed with the question: "During the past year, did you go on a diet to lose weight or to keep from gaining weight?" In 2001, a detailed assessment of dieting was included. Participants were asked the duration of their diets, whether they lost weight on the diets, whether they regained weight lost on the diets, and the types of diets used (eg, low-calorie, low-fat, high-protein, and high-carbohydrate diets; diets devoid of snacks or desserts; meal skipping; limitations of portion sizes; weight-loss shakes; and Weight Watchers and other programs).
Maladaptive weight-control behaviors were assessed with 3 questions, which were based on the Youth Risk Behavior Surveillance System questionnaire (15) . Participants were asked whether they had made themselves vomit, used laxatives, or fasted to lose weight or keep from gaining weight during the past year. Binge eating was assessed with a 2-part question. Participants were asked about the frequency during the past year of eating a very large amount of food. Adolescents who reported at least occasional episodes of overeating were asked whether they felt out of control during these episodes such that they could not stop eating even if they wanted to stop. Binge eating was defined as engaging in eating a very large amount of food in a short amount of time and feeling out of control during the eating episode. Both the binge eating and the questions on self-induced vomiting and laxative use have been validated in the GUTS cohort (16) .
Physical activity was assessed with 18 questions on hours per week within each of the 4 seasons that a participant engaged in a specific activity (eg, volleyball and soccer). A summary score of average hours per week of physical activity was computed. Reports of an average of .40 h/wk were considered implausible and therefore set to missing and not used in the analysis. Inactivity was estimated by asking participants the average number of hours per week spent "watching TV," "watching videos or VCR," "reading/homework," or "playing Nintendo/Sega/computer games (not homework)." Reports of an average of .80 h/wk of inactivity were considered implausible and therefore set to missing and not used in the analysis.
Reliability and validity of self-reported weight change
Although self-reported BMI, weight change, and BMI change have been used to predict the development of numerous chronic diseases (17) (18) (19) (20) (21) (22) , there has been some concern that self-reports are biased estimates of true weight and height, and, as a result, self-reported weight and BMI underestimate their true values. The validity of self-reported weight and height have been investigated in both adult populations (23, 24) and adolescent and young adult populations (25, 26) , and the results support the use of self-report in epidemiologic studies of associations with weight and BMI. However, there is some evidence of a slight underestimation of the prevalence of overweight and obesity (25) .
The validity of weight change based on serial self-reported measures of weight has been assessed by Field et al (27) using data from 1671 females and 1613 males in the National Longitudinal Study of Adolescent Health, a prospective study that has both measured and self-reported weights and heights at 2 time points '5 y apart. They observed that both males and females slightly underreported their weights, but they were quite consistent in their underreporting. As a result, weight change based on self-reported weights at Wave II and III underestimated weight change based on measured weights by only an average of 2.1 (females) to 2.6 (males) lb (1 lb = 0.45 kg). The study provided strong evidence that the use of repeated self-reported weights to estimate weight change is a valid approach for investigating weight change in epidemiologic studies.
Outcome measure
The outcome was weight change from 2001 to 2005. Weight change was modeled as weight reported on the 2001 questionnaire as a predictor and weight reported on the 2005 questionnaire as the outcome. Using Rosner's outlier procedure (28), we identified 24 females as weight-change outliers and therefore excluded them from the analysis.
Statistics
All analyses were conducted with SAS software (SAS version 9.1; SAS Institute, Cary, NC). Because there are siblings within the data set, ordinary least-squares regression would not be appropriate. Therefore, we used SAS PROC MIXED with the repeated statement for all multivariate analyses. All models controlled for age, time spent watching television in 2001, recent weight change (2000) (2001) , and height change from 2001 to 2005. Effect modification by age (14-18.9 y compared with 19-21 y) and weight status (healthy weight compared with overweight or obese) were explored by including interaction terms and running stratified models.
RESULTS
In 2001-2002, the participants were 14-22 y of age; 23.7% were trying to maintain their weight and another 54.3% were trying to lose weight. Slightly more than half of the females reported that they had been on a diet at least once in the past year. Not eating snacks or desserts was the most popular dietary weight-loss strategy, followed by low-fat diets, low-calorie diets, and limiting portion sizes ( Table 1 ). In addition to making dietary changes, many adolescents and young adult females reported that they exercised at least occasionally for weight control: 48% reported exercising at least weekly, and 14% reported exercising on 5 d/wk. Approximately 31% engaged in both dietary changes and at least weekly physical activity to control their weight. The combination approach was most common (48.6%) among females who were trying to lose weight. Among girls who reported using dietary approaches to control weight, 22% (no snacks or desserts) to 25.2% (low-calorie diets) reported exercising on 5 d/wk to control their weight.
The prevalence of exercising on 5 d/wk increased with frequency of dieting. However, the use of maladaptive weightcontrol behaviors (self-inducted vomiting, use of laxatives, and fasting) and binge eating also increased with dieting frequency (Figure 1) . Among frequent dieters, 37% exercised 5 times/ wk, 24% engaged in binge eating, and 24% in maladaptive weight-control behaviors.
During 4 y of follow-up, the females gained an average of 3.3 kg. Twenty-five percent gained no weight, and 25% gained 6.4 kg. Weight change was greater among the 14-17.9-y-old participants (3.8 6 5.7 kg) than among those who were 18 y (2.6 6 5.7 kg) (Figure 2) . Moreover, frequency of dieting to control weight was predictive of gaining more weight (data not shown). However, none of the dietary weight-control strategies was significantly associated with subsequent weight change. In contrast, exercise to control weight was predictive of less weight gain. Females who engaged in exercise 5 times/wk to control their weight gained 0.9 kg less than their less active peers.
The most successful strategies for weight gain prevention were to combine certain dietary strategies with frequent exercise. Females who combined a low-fat diet with exercising at least once a week to control weight gained '0.5 kg less than their peers over 4 y, whereas those who combined following a low-fat diet with exercising 5 times/wk to control weight gained '1.5 kg less ( Table 2 ). The combination of limiting portion sizes with frequent exercise had the strongest protective effect against weight gain. Females who limited portion sizes and exercised 5 times/wk to control weight gained '1.9 kg less than their peers.
Many females engaged in multiple dietary strategies to lose or maintain weight. For example, among females who exercised 5 times/wk and followed a low-fat diet, 62% limited portion sizes and 76% eliminated snacks and desserts. When multiple approaches to weight control were included in the same model, only the combination of limiting portion sizes and exercising frequently remained significantly protective against weight gain. For example, when exercising daily and eating a low-fat diet are included in the same modeling as exercising daily and limiting portion sizes and exercising daily and eating a lowcalorie diet, only exercising and limiting portion sizes appeared to be significantly protective against weight change over the 4 y (21.3 kg; 95% CI: 22.3, 20.3). All of the associations were strongest among 18-22-y-old women. For example, among the 14-17.9-y-old females, combining limiting portion sizes with exercising 5 times/wk predicted gains of 0.9 kg less over 4 y; whereas, among 18-22-y-old women, this weight-control combination predicted gains of 3.0 kg less over 4 y ( Table 3 ). In addition, in both age groups, there was a suggestion that the associations were strongest among the overweight youth (Table 4) ; however, the differences were not significant. For example, nonoverweight 18-22-y-old women who combined portion control with exercise 5 times/wk gained 2.0 kg less over than their peers over 4 y; whereas, the overweight girls who used those weight-control strategies gained 6.0 kg less than their peers.
DISCUSSION
We observed that, among 4456 adolescent and young adult females living throughout the United States, 24% were trying to maintain their weight and 54% were trying to lose weight. Despite their attempts to control their weight, females gained an average of 3.3 kg over the 4 y of the study. The rate of weight gain among those who were 18 y was similar to that observed among the white participants in the Coronary Artery Risk Development in Young Adults Study. Because we observed relatively little height change among the participants who were 18 y of age, it can be assumed that much of the observed weight gain was not related to healthy physical development.
The rates of attempting to lose or maintain weight in 2001 are similar to those reported by Lowry et al (3) in 2005 among high school students. Studies have found that children and adults who diet, which is a subset of those trying to lose or maintain weight, gain more weight than do their peers (6, 8, 10, (29) (30) (31) . However, those studies did not investigate whether all types of diets are associated with weight gain or whether some dietary strategies are effective, nor did they study how the combination of dietary strategies coupled with regular physical activity, which is the strategy promoted by the National Institutes for Health (32) , is related to long-term weight change among young adults. We observed that, on their own, none of the dietary approaches to control weight was protective against weight gain over 4 y. However, among females, portion control or limiting calories, fat, or snacks and sweets coupled with frequent exercise resulted in significantly less weight gain. Because we did not differentiate between weight due to fat mass compared with lean mass, it is possible that we underestimated the beneficial effect of exercise. Exercise could lead to increases in muscle mass, which would make weight changes smaller, whereas, none of the dietary changes would be expected to promote increases in muscle mass. It is also important to note that there is some speculation that behaviors that are associated with dieting, such as binge eating or other overeating episodes (8, 31, 33, 34) , are at least partially responsible for the positive associations that have been observed between dieting and weight gain (6, 8, 31) . The fact that we observed a strong association between dieting and binge eating and that dieting, but not the individual dietary approaches to weight control, predicted greater weight gain supports this line of speculation.
One limitation of our study is that it does not represent a random sample of all US adolescents and young adults. The participants are children of nurses, and the sample is .90% white; thus, we are unlikely to have children of low socioeconomic status in the sample, so it is unclear whether the results of the study are generalizable to economically disadvantaged populations or to nonwhite ethnic groups. However, there is no reason to believe that modifying dietary intake and engaging in regular physical activity would not benefit nonwhite populations. Although we studied a variety of dietary strategies to control weight, our list was not exhaustive. For example, modification of the energy density of meals, which some, but not all, studies have found effective for preventing weight gain (35-37), was not assessed in the present study. More research is needed to assess whether low-carbohydrate diets, substituting fruit and vegetables for more calorie-dense foods, and other strategies on their own and when coupled with frequent physical activity are effective weight-control strategies for adolescents and young adults. In addition, it is possible that adolescents and young adults who exercise to control their weight are more committed to losing or maintaining their weight and, thus, the associations with exercise may be partially explained by differences in dedication to control weight. Moreover, we used self-reported, not measured, weights to define our outcome. However, we found that weight change based on self-reported weights underestimated weight change based on measured weights by only an average of 1 kg among adolescent and young adult females in 1 The average weight change (converted from pounds to kilograms by dividing by 2.2) was measured in kilograms over 4 y, and the 95% CI (in parentheses) was obtained from mixed models that controlled for age, previous weight change, height change, and television time.
2 P = 0.07 for interaction with weight status within age group.
the Longitudinal Study of Adolescent Health, which is evidence that the use of repeated self-reported weights to estimate weight change is a valid approach for investigating weight change in epidemiologic studies (27) . Despite these limitations, the current study had many strengths. To our knowledge, this study was the first large investigation of adolescents and young adults to assess the relation of a variety of healthy and unhealthy weight-control practices to subsequent weight change. In addition, the study was sufficiently large to be able to look at associations among females by age group and weight status.
Our results suggest that a variety of approaches are used to "diet" and that few dietary approaches successfully prevent longterm weight gain unless they are coupled with regular physical activity. The most commonly used dietary approaches to weight control were to follow a low-fat or low-calorie diet, to eliminate snacks and desserts, and to limit portion sizes. Exercise was also used by many youth as a weight-control strategy. However, similar to Lowry et al (38; 2000) , we observed that relatively few of the participants who were trying to lose weight engaged in both dietary strategies and frequent physical activity to control their weight. Our results support the recommendation to modify both diet and physical activity to make lasting changes in weight. The 2008 Physical Activity Guidelines for Americans suggests that children and adolescents engage in 60 min/d of moderate-tovigorous physical activity and that adults engage in 30-60 min of moderate-to-vigorous physical activity on 5 d/wk (39) . Our results suggest that if these recommendations are followed, much excessive weight gain could be avoided among adolescents and young adults.
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